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Le BRODUCTION 


The basic function of a thermal-seeking-head missile is 
to track ona surface vehicle using the vehicle's radiant 
intensity. This operation is based on the fact that a moving 


vehicle shows a generally higher surface temperature that 


the environment. Reasons for this are the existence of 
operating engines, resulting in both increased engine room 
temperature and "hot" combustion products exiting into the 
atmosphere from the stack, the operation of a number of 


devices which result in heat generation, the requirement for 
certain compartment temperatures comfortable to the crew, 
and the incident solar energy on the painted metallic 
vehicle surfaces. 

Exact information about the heat seeking missile charac- 
teristics is not available because of their classification. 
Hence our study will be a parametric one in order to examine 
the. relative influence of a number of parameters on the 
vehicle thermal signature which is quantified by the‘signal 
to noise ratio of the thermal detecor head. The range of the 
parameter values will be chosen uSing both experience and 
unclassified information. 

Exceptional cases such as operation of the vehicle close 
to the coast or other vehicles, which could have similar or 
higher temperatures, will not be considered. At this point 
we must realize that the thermal interaction of the vehicle 
with the environment is a very complicated phenomenon, and 
its exact determination for the different parts of the ship 
body is outside of the scope of the present work. Instead we 
will consider a simplified case of uniform interaction for 
all the ship parts with the environment (convection, radia- 


tion, solar absorption energy) and will limit the source for 


ike. 


the thermal head detector enviromental noise only to that of 
the sea water. 

The main procedure steps of the present study will be 

To create a simplified model for the calculation of the 
vehicle body temperature and to show what parameters affect 
it and in what direction. 

To determine the "hottest" vehicle area and combining 
with the operating characteristics of the missile to calcu- 
late the dimensions of the tracked area of the vehicle. 

To calculate the total radiant intensity of the tracked 
area of the vehicle in a certain wavelength range, where the 
thermal detector head is operating. 

To calculate the atmospheric transmittance, using 
LOWTRAN 6, for each given combination of the parameters of 
our interest in the given detector wavelength range and 
consequently the radiant heat flux detected by the thermal 
head. 

To create an appropriate detector model that could show 
optimum operation for the conditions of our problem, and 
finally to calculate the creating signal-to-noise ratio 
which quantifies the vehicle thermal signature and describes 
the detector operational quality. 

To discuss the relative influence of all the pertinent 
parameters and to propose certain considerations about both 
the vehicle and the missile. 

Without expecting Significant quantitative importance 
for our results, due to the simplifications that have been 
made, their qualitative importance must be more remarkable. 

Parameters that will play significant roles in our study 
will be 

vehicle internal temperature, 

vehicle body paint emissivity, 

sky condition, 


sun elevation angle above the horizon, 
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atmospheric profile, 

missile flight altitude, 

instantaneous Field of View (I.F.V.) created by the 
detector'’s optic system, 

detector material, 

The present work consists of five Chapters. In the first 
Chapter we state the assumptions of the problem, we calcu- 
late the vehicle body temperature, and we determine its 
Magttest area which is tracked by the detector. itieethe 
second Chapter we use the LOWTRAN 6 program in order. to 
determine the atmospheric transmittance and in the third 
Chapter we calculate the total vehicle and background 
Eadwant intensity imcident on the tracker aperture. In the 
fourth Chapter we calculate the detector signal-to-noise 
ratio for all the possible combinations of the parameters, 
and finally in the fifth Chapter we discuss’ the relative 
importance of each parameter and we Suggest ways that could 
improve both the vehicle thermal signature and the detector 


operation. 


diigo) 


Il. SHIP MODEEiNs 


In order to create an exact ship model, it is necessary 
to acquire a Significant amount of empirical data. For tbe 
present study, and for several reasons, the available data 
are limited, and are based only on the unclassified litera- 
ture given inthe first six references, with relatively 


reasonable assumptions. 


A. ASSUMPTIONS 


All compartments of the ship have a uniform temperature 
of 20°C=293.15K except the main engine rooms 1 and 2, which 
have a temperature of 30°C=303.15K. 

The stack exit temperature is uniform and we study the 
heat radiation from the exit plane neglecting the plume 
radiation. Reasons for doing this are the non-uniformity of 
the plume geometry and temperature distribution, and the 
fact that it is cooled significantly in a relatively Shome 
distance from the exit plane [Ref. 3]. We choose as stack 
exit temperature 306°F=152.2°C=425.4K 

In order to account for the heat convection from the 


Ship to the air we will use the relative wind-speed of 30 


Knots. For this case we will have forced convection with a 
heat transfer coefficient in the range of 5 to 10 (BTU/H 
FT*R) or equivalently 28,4 fo 56.0 (Wii Koe We will not 


account for the heat leakage from the ship body to the sea 
water or for the heat loss due to the vaporization effect on 
the wet surfaces above sea level. For this reason andiaam 
order to be closer to reality we choose for our heat convec- 
tion losses calculation the value of 10 (BTU/H FI-R) or Same 
(W/M?K) as representative for the convection heat transfer 


coefiter ent. 
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The present study will be in Mediterranean atmospheric 
conditions and more specifically for the area of the Aegean 
Sea. We will use two atmospheric profiles i.e. Midlatitude 
Summer for months October through April and Tropical for 
months May through September. The corresponding ambient 
temperatures are 21°C=294.2K and 26.6°C=299.7K respectively 
[Ref. 6]. 


Bee GHOMETRY AND MATERIAL OF THE SHIP 


In Figures 2.1 and 2.2 you will find the ship side and 
top view respectively with the appropriate dimensions. 

The material of the ship lower body construction is 
constructional carbon steel with thickness 13.5mm_ and 
thermal conductivity 54 (W/M K) [Ref. 9]. 

The material of ship body superstructure is duralaminum 
with thickness 3mm and thermal conductivity 164 (W/M K). 

These small values of the thickness and the high values 
of the thermal conductivities for both materials result in 
negligible temperature gradients inside the materials. Hence 
it is reasonable to assume a uniform temperature throughout 
the thickness of both materials. 

Both structureS are painted with gray paint i.e. the 
passivity and absorptivity will be spectrally independent 


and equal between them. A typical value for oil paint emis- 


Seiey - absorptivity is 0.94 [Ref. 10:p.07] and for Tid 
Mey Paint is 0.87 [Ref. 4:p.278] both for temperatures 
300K. From these values we observe that the available data 
Bive uS paint emisSivity - absorptivity values in the range 


of 0.90. Based on the facts that these values play a ‘ssignif- 
icant role in the determination of the ship body temperature 
and that intensive reSearch resulted in the production of 
new paints with half the values of the already existing ones 
meer, 7) we will use two (2) different values i.e. 0.80, 
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Oly or Therefore we cover the useful range of the ex1sting 
and the newly developed paints. At this point we must note 
that we don't have any available information .about selec- 
tively absorbing paints that could exist and give the 
minimum possible thermal signature and our assumption about 
the equality between emissivity and absorptivity 1s inevi- 
table as a first approximation. Moreover the solution of the 
problem for two (2) different emissivities constitutes a 
good research point for the relative influence of (iam 
factor: 

The emissivity of the interior surface of the ship body 
will be approximated as that of stainless steel which is 
0.44 [Ref. 4:p.278]. 


C. SOLAR, HEAT FLUK SIN IRE SEA LEVEE oeR ee 


In Figure 2.3 you will find the illuminance levels on 
the surface of the earth due to the sun for three different 
sky Condtions Wreee. Unobscured Sun, Sun with Light Cloemee 
and Sun with Heavy Storm Clouds as a function of the eleva- 
tion angle above the horizon. These three sky conditions and 
the elevation angle above the horizon will be two more 
parameters in the solution of our problem. 

Since the given values in Figure 2.3 are in photometric 
units (Lux) and we want to convert into useful radiometric 
units (W/M?) we have to determine a conversion factor. 

We know that the maximum incident solar flux on the 
earth surface is approximately 900 (W/M?) [Ref. 10:p.11]. 
This value coresponds to 1.15*10° (Lux) and therefore the 


conversion factor will be; 


CF = 900 7 1.15°10> 2555026410" “(W/o 
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Using this conversion factor and the values of Figure 
Peeoewe Obtain the normal component of the solar heat flux in 
(W/M?) on a surface at sea level. Table 1 demonstrates the 
above values. 

In order to calculate the values of the solar heat flux 
falling obliquely on a surface we must introduce the inci- 
dent angle O and multiply the values of Table I by seos®. 

For a vertical face the angle 0 is identical with the 
elevation angle above the horizon. HOr- auwenon?s zontal face 
i.e. the deck in our case, the angle @ is the complement of 


elevation angle above the horizon. 


fee GALCULATION OF SHIP BODY TEMPERATURE 
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Figure 2.4 Control Volume for Determination of Ship 
ody Temperature 


ia Figure 2.4 you will find the appropriate control 


volume of the ship body and the pertinent energy flows that 


are related with it. For simplicity the control volume has 


Zo 


unit area exposed to both the environment and the ship 
interior. More specifically: 
&.: paint emissivity 
agi paint abSompervity "(e&e= 2a) 
En: emissivity of the interior surface. (Em= 0.44 ) 
To : ambient temperature 
Tm: Ship compartment temperature | 
Es,:; normal component given by Table 2 
Q,: net heat exchange of control volume with the 
environment 
Q,,:; net heat exchange of control volume with the 
Interior Of Emme simp 
h : convection heat transfer coefficient with the air 
The absorbed solar heat flux is Egytao. The net heat 
exchange with the environment is due to heat radiation and 


heat convection l.e. 
Q,=60( T*-T )+h( T-T.) @o1) 


The net heat exchange with the interior is due only to heat 


radiation i.e. 
Oe Seto Iho Le (2 32a) 


Energy balance of the control volume under thermal equilib- 


rium gives: 


Banta, 6.0 TF - iy nthe) ear 1, (253) 
om 
F(T ae (6.+6.JOT thi -ole te ial Bena =O (2743) 
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Equation 2.4 must be solved numerically. We will use the 
Steffensen Recursive Method [Ref. 11]. The idea of this 
Mermnod 1s that Starting with an x close enough to the exact 


solution S of the equation F(x)=0 then the sequence: 


pee | f(x)? f(xy ti (xn) )-E(xx) J 22) 


will converge very fast to the exact solution She 

In our case the equation is F(T)=0 and we are looking 
Poet ne value of T™thatWsatisfies it. 

In order to obtain an initial value so that our sequence 


will converge we use the value: 
Tin= [ (Egn® ae +& 07,” + &0T i ) / (6 +E) o] /4 e2a6y) 


The above initial value of T does not account for the 
heat convection and for our purpose gives acceptable initial 
values. Finally we stop the recursive formula when |T,,,T, | 
jmemress than or equal to 10°. 

In Appendix A, Tables5 through 18 demonstrates the ship 
body temperature for both horizontal and vertical faces, for 
all the combinations of two (2) atmospheric profiles, three 
(3) different sky conditions, two (2) internal (T,,) tempera- 


mites and two (2) paint emissivities. 


Bee DELERMINATION OF THE, SHIP “HOTTEST” AREA 


From the calculations in section D,we observe that the 
higher ship body temperatures happen to be in the region of 
the two engine rooms (higher internal temperature). 

From the ship geometry,it is obvious that the dimensions 
of the engine room No 1 are greater than those of engine 
room No 2. Therefore the total radiant intensity (W/Sr) of 


engine room No 1 will be greater since for both regions we 
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have the same normal components of radiance (W/cm*Sr). In 
addition to that to each engine room there corresponds the 
Same stack geometry also going a ‘hot’ region too. 

Under this simplified assumption we conclude that for a 
heat seeking missile head the area of engine room No 1 from 
the stack exit all the way down to sea level is the most 
Significant region. | 

At this polntwit sis necessary to couple the ship ayaa 
some characteristics of the missile detector operation. 

Without getting involved in details of the detector 
operation, which will be studied in later sections, we will 
determine the detector Instantaneous Field of View (I.F.V.), 
so that we will know exactly the dimensions of the ‘hottest’ 
area which will be tracked by the detector and therefore we 
will be able to calculate the amount of radiant energy that 


will be transmitted to the missile. 


F. DETERMINATION OF THE DETECTOR INSTANTANEOUS FIELD OF 
VIEW 


The following range of data is based on our experience 


and research, aiming to calculate a reasonable and useful 
de ee ae In Figure 2.5 you will find the corresponding 
geometry. 


The range of the missile flight altitude will be from 


50m to 100m above sea level. Since we want to reduce as much 


as possible the background noise, the detector must have an 
inclination with respect to the horizontal. We choose the 
range for this inclination (angle @ ) from 2° degrees to 5° 
degrees. 


From general cosideration for the detectors [Ref. 4] we 
Kknowethatiauakey . is a function of the ‘hottest' ship area 
that the detector has @omeracke 
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MOE nemmGieallLol Of | l.f,.V¥. it is necessary that the 
detector accepts radiation from inside an area which is 
related to an angle 28 generated by the detector mirror 
system as in Figure 2.5 . From the same figure eS @omellmee 
the following: 

@ = 90°-¢ -& 

BC = AB + tanOQ 

AC = (AB? + BC?) 

CF = AC*sin& 

em se2CF = s2eC*simd = SIDE 

AF = CG/2tan6 = PATH 
Where: 
CG represents the side of the I.F.V. 
AF represents the distance or path length between detector 
and the I.F.V. 
AB = H: flight altitude 

For simplicity we will consider that the shape of I.F.V. 
is square with side equal to CG of Figure 2.5 

In Appendix B Tables 19 through 29 demonstrate the 
values of PATH and SIDE for all the possible combinations of 
g¢, 6 and H. Program SHIP 1, in Appendix E, has been used for 


the calculation of the above values. 
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CeO ELERMINATION OF THE DIMENSIONS OF THE TRACKED SHIP AREA 


In the previous Section we have shown that the detector 
hae track on the area of engine room No l. 

In Figure 2.6 you will find a three-dimensional sketch 
for the engine room No l area. Before we start the calcula- 
tions of the different surfaces we will explain why the side 
of I.F.V. is greater than the width of the engine room No l 
mimren 1s W,=1,620cm. We consider as useful that the I.F.V. 
will include the whole area between sea level and the stack 
exit plane. The total height of this dimension is: 

Bos H.+ H,+ He-/20+900+360+ 180-2, 160cm 

From the Tables 13 to 24, we choose for each flight 
altitude and for constant 6=0.56"° the minimum SIDE that is 
greater than or equal to 2.160cm 

Table 2 demonstrates the results of this choice 

Based on Figure 2.6 we will now determine the character- 


Metres of each individual surface. 
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Kinataeemagkecoeetor the Dimensions of L.F.V. 


ee ee a SEEN eee | eee 


me LGHT sj LL), PATH DELTA PHI 
FLIGHT (m) (m) 

Misa (my) | 21.88 | 1119.34 | o.56° | 2 
MicO (m) | 21.97 | 1123.89 | 0.56% | 2 BO) | 
Mem) 22.04 | 1127.25 | 0.56" | 505) i 
80 (m) | 22.09 | 1129.84 | 0.569 | 3.59 
90 (m) | 22.13 | 1131.96 | 0.569 | 4.0% 
Mteor(m) | 22.16 | 1133.72 | 0.56" | GD 


er nr eme  e 


he SEDE. * H, 


Vertical face 
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Vertical face 
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At this point we must notice that surface As corresponds 
to the stack and,since we don't have information about the 
insulation of this structure, we approximate its temperature 
with that of the surface with T = 303.15°K 

pe ae 10 “em* 
Horizontal face 
Tm= 425.4K 


Az= SIDE*H, - (1/4) ewe 
Horizontal face 
ace ceo. L5SK 
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For the order of magnitude of PATH i.e. the distance 
between missile and ship we will approximate the thermal 
emission of each individual surface as point source emis- 
sion. These "point sources" will be: 

(A,+ Ai), (Ag+ Ana), Ag, Au, As, Ac, Az. 
with corresponding mean altitudes from sea level: 
Ha> beice ney 2 
Hw= Hac Hi 
Hyw= H, + Hs /2 
Hw= Hy, + Hy+ Hy /2 
Has H, + Het Hyt+ Hg /2 
Hwg= H, + Hy+ Hat Hg 
Jae ley oe ols 
The data for the above calculations are: 
W.= 1,620cm . 


Hy, = /20em 
H,= 210cm 
H,;= 900cm 
H, = 1,260cm 
W, = 900cm 
H,= 360cm 
He= 180cm 
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Ill. ASMOSPHERLCETRANSMITTANGE USING LOWTRANw 6 


A. BEGGREPTIONSOFP'EOWTRAN 6 


‘LOWTRAN 6 is the latest issue of LOWTRAN code that has 
been designed to calculate the transmittance of the atmos- 
phere over spectral bands from 0.25pm to 28.5pm along paths 
Be Various inclinations and, of course, through different 
atmospheric profiles and parameters. 

In order to use LOWTRAN 6 program we have to fill four 
Mm cards (groups) of input data. 

Cards 1 and 2 require the significant meteorological 
parameters for the atmospheric profile. Card 3 requires the 
geometry of the problem i.e. initial and final altitude and 
the path length. Card 4 is related to the wavelength range 


ana limits. 


B. DATA.USED 


For card 1 we used data for the Mediterranean Sea and 
more specifically for the Aegean Sea area and the region. 
Beom Crete to North Africa. 

Por this area we have two different atmospheric 
profiles, namely Midlatitude Summer for months October 
through April, and Tropical for months May through September 
[Ref. 6]. 

For card 2 we used again data from [Ref. 6] for each 
month individually and for card 3 we used all the possible 
combinations between final altitude and PATH from Table 2 
and for the initial altitude the mean altitudes of each 
“point source’ of the “hottest” ship area as given in 
Section G of Chapter II. 


oo) 


At this point we have to choose one more parameter that 


will be needed for our problem : the wavelength range of 
the detector operation. We decide that this range will be, 
in first approximation, in the 5um window (i.e. A=4.20um - 
W=5-18um) [Refs 4ch See. ole 

Lowtran 6 has the advantange of giving us, besides the 
average transmittance between two limits, the spectral 
transmittance as well. From this spectral distribution we 


can reject certain values of very low spectral transmittance 
and therefore the wavelength range can be narrower. This 


peculiarity will have an influence on card 4. 


C. Ree res 


Running LOWTRAN 6 for all the flight altitudes of the 
missile and for both Midlatitude and Tropical atmospheric 
profiles, we observed that, for wavelengths less than 
4.435um and greater than 5.0Opm, the spectral transmittance 
generaly shows values less than about 0.10. Deciding to 
reject these low values we choose as’ the final spectral 
range of the detector operation to be from 4.435tum_ to 
5 .Qum 

In Figure 3.1 you will find the spectral transmeGeagee] 
in the above range for both atmospheric profiles. 

Using the final wavelength range we calculated the 
average transmittance for all the possible combinations 
between atmospheric profile, missile flight altitude and 
individual "point sources" of the ship's trackequiiae 
Tables 23 to 46 in Appendix C demonstrate both the data and 
total average transmittance for each month. 

From the data of the above tables, it is obvious that 
the influences of both missile flight altitude (from 50m to 
100m) and the relative differences between the individual 


“point source” altitudes (4m to 16m) are very weak on the 
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average transmittance. Averaging in both directions in this 
two dimensional table resultS in a unique representative 
value for each month. Checking these average values we 
observe again a relatively small difference between months 
belonging in the same atmospheric profile. Since a unique 
value of average transmittance of each atmospheric profile 
would be very convenient for the calculations to follow, we 
average over several months yielding the following final 
values: 

Midlatitude summer : 0.4711 

Muopreal: 0.4259 
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IV. CALCULATION OF SHIP AND BACKGROUND RADIANCE 
A. NORMAL COMPONENT OF SHIP RADIANCE DUE TQ THERMAL 
RADIATION 


mine purpose Hort this calculation is to find, by inte- 
grating the Plank's radiation law, the radiance in the given 
wavelength range. 


Eon el bank ss radiation law we know that: 


ale 
May =2mes hy 2 bells eT -1)] (W/em* cm) 
Gas 
fan 

iG) ey (CAS aes) 
where: 

Smee mesh-3.74l5°1l0* (Wem ) 

Cy, =he/k=1.4388 (cmeK) 
The above formula is in the form of: 

M (T)=Cex™(e* -1) 

Integrating this between ele band limits >,, A,, we will 

find the in-band energy radiance [Ref. 4:p. 19]. 


Therefore: 


ryt . 
Lye f/nfMy(T)dy=[Cie0/ Ce]°T*+D, (W/cm? Sr) 
AL 
Where: 


2 | 2 em* [ (mex) ?+3 (mex)? +6 (mex) ?+6mex+6 Jem | 


and x=C, /AT 
==> mm [ (mex )?+3(mex )*+6mext+6] - 


ans 4 
oWANy . 


eem’[ (mex )*?+3(mex )?7+6mex+6] 
In the above relations,the temperature T is taken from 
Tables 5, 18 in Appendix A. 


a0) 


B. NORMAL COMPONENT OF SHIP RADIANCE DUE TO REFLECTED SGI 
ENERGY 


We have already calculated the normal component of solar 
irradiance E incident on each ship surface. In the energy 
balance calculation we considered that the solar energy 
absorbed by = thew @sumiacesic sees. Obviously: the amount 
(l-a.)*E,is reflected. 

Defining as D(0-A) the percentage of the solar constant 
associated with wavelengths shorter than A we take 
(Rei. 4p. 7a 

D(0-4.435 )=99.3075454% 
D(0=5 000 )=9 9s tS ter, 
Therefore 

AD=D(0-5.000 )-D(0-4.435 )=0.2039546% 

In conclusion we have that the normal reflected solar 
energy per m* from A=4.435pm to Ax=5.00pm is: 

(l-ap )*AD*Egy=(1l-a, )°2.04*10°%*E,, (W/m?) 

In order to determine the normal component of radiance 
due to reflection we must divide the above value by tT and in 
order to transform into- cm? we must divide by 10°. Finally 
the normal component of radiance due to reflection in 
(W/cm*¢Sr) from =4.435nm to 2.=5.00pm will be: 

Lasy= (l-ae )°2.04°107% * Ey, /t *10*=(1-a, )*4.08*10%°E.,, (W/cm??Sr) 


C. NORMAL COMPONENT OF STACK EXIT PLANE RADIANCE 


So far we know that the stack exit plane area is 
4.43°10* cm* and that the corresponding uniform temperature 
is 425.4K. 

For simplicity we consider that the greater part of the 
exaust gas is CQ,. Since CO, is a selective emitter we need 
to carry out the approximation shown in Figure 4.1] which 
partially accounts for atmospheric absorption and approxi- 


mates the peak with a constant emisSivity over a limited 
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Corrected for adsorption 
De aa by atmssonenc CO, 
\ J 


¢ 


Analytical 
approximaton 


| “ 
= 
i 
a 
= 
é 


44 4.6 48 
Wavelength (microns) 





Figure 4.1 The 4.4um Emission Band of CO,g[Ref. 12] 


range. Beakineminemebandetombe from  A%21=4.35umeto. A.-4.55um 
and the oS Sy OPS evemalnGastor Ene yradi ance: 

L =e.fMdo =(g,0T* /m [Ms da/ ft M, da=(goT*/W)* (0.05) 

= 5) (Goo 7 61.0 a) (425. fs (005) / 1 

=lea47 8° 102. (W/ cm*°Sr ) 

Since our band of interest overlaps with half of the 
4.4m emission band of CO, the above value must be divided 
by 2. Therefore: 

eye 37°10” (W/em?*Sr) 


MeeeeotAL SHEP RADIANT INTENSITY IN THE DIRECTION FROM SHIP 
To MISSILE 


As mentioned in Section G of Chapter II, we will consider 
fmewsurtfaces (A, +A,,), (Aat+Aa,.), As, Ag, As, Ap, Ay, aS “point 
Sources’. For each source we know the corresponding radiance 
due to thermal radiation and reflection i.e. 

Ly =La, +Leasy, 
Lr =Laan +t Leaay 
La =Lan +Learn 
Lraq = Lanat Laan 


Lys =Lassy + Laars 
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Lra =Lay,+ Leary 

Lrs =Lays +Lraas 

Lrz =Lay +Learw 
For Lre we have the unique value given in section C of 
chapter III 

In order to obtain the normal radiant intensity (W/Sr) 

of each surface we must multiply the corresponding values of 
each area and radiance. Doing this we take: 

Iw =Lme Ay +Law? Au 

Tan =LreAs + Lyn? Arr 


Typ =Lese Ay 
Tan =Lea? Ay 
Igy =Ins*As 
Oe | ee WBEN 
Lew =Liy* Ay 


The important magnitude for us is the radiant intensity 


in the direction of source - missile. 


hbthdddtied 





Figure 4.2 Relative Position Between Surface- Missile 


In Figure 4.2 you will find a sketch representing the 
relative position between the surface and the missile. Based 
on that we conclude this the radiant intensity will be: 


l=Iy*cosx for a vVeregwveal face 
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fies tor a horizontal face 
where x=sin’ (H-Hs»/ PATH) 
The resulting relations will be: 

I, =Iw*cosx 

fy = te Sins 

Iy =Inn° cosx 

JE LR ete po. < 

Is =~Isu* cosx 

Ie =Kn*Sinx 


I; =Ga*sinx 


E. BACKGROUND RADIANT INTENSITY 


In the ideal case in which the detector tracks perfectly 
Simeene Ships “hettest' area and the square I.F.V. Eel llil Berke 
perfectly on that the detector will still See Some areas 
outside of the ship. This is due to the fact that the upper 


construction of the ship has not a perfect rectangular 


Shape. Therefore the detector will receive signal from an 
area of the sea that radiates behind the ship. Since this 
Signal constitutes noise for the detector, it has important 
meaning. 


In Figure 4.3 you will find the geometry from which we 
will determine the background radiant intensity. We must 
notice that the sketch in Figure 4.3 has been magnified for 
convenience in the ship region. In other words angle (0+5S) 
as very close to 90° and the side of I.F.V. AE is ASE is 
practically equal to the ship dimension ABC. 

AB represents the height of surface A; [Figure 2.6] from 
the sea level or AB=H,+H, 

BC then represents the path through which’ the detector 


will see the sea area FG past the stack. 


43 


are 


ws 


y| d 


Aytsuaqul 4yuerpey 
punoisyoeg JO UOTIeUTWITaIIG 10F AIVawoesy 


€° vindty 





an 


The width of this area is (SIDE-W,) which represents the 

free horizontal dimension over the surface Aj. 
From the geometry of Figure 4.3 we have: 

Po— so oD 

@, =tan? (DS/ PATH) 

QO, =6-O. 

MA=PATH/cosd 

O=cos" (H/MA) 

PF=H*tan(Q+6+O, ) 

PG=H*tan(6+26) 

FG=PG-PF 

@, =@+5+0, +O. /2 

MK=H*tanQ, 

AREA=FG* [SIDE-W, ]*cosOy 
Table 3 demonstrates the result of the above calcula- 


tions for six different flight altitudes. 


Ui) Ea, 


Geometrical Parameters for Observed Sea Area 


For the sea water we know that the average temperature 
in the geographical area of our interest is 13°C=286.15K for 
Meabatitude Summer and 18°C=291.15Kfor Tropical atmosphere 
meet, 6]. 
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For the sea water emisSivity we chose the value of 0.96 
Bes ORE om 0h || 

For the calculation of the normal component of the sea 
radiance (W/cm**Sr) in the range =4.435ym to A.=5.00pnm we 
will use again the formulas from section A of chapter IV. 
This value must be multiplied by the water emissivity 
=Q0.96. For convenience we consider the observed area of sea 
as a point source. 

The normal component of the radiant intensity of this 
point source it will be: 
Twi Lye AREA 

And in the direction leading to the missile will be: 


ls = Iu y® cos@ 
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Pee DETECTOR SYNTHESIS 


We already studied the geometry of the detection problem 
which shows us what the detector is required to do, and of 
course from this Side we are interested in the most real- 
istic performance of the detector. Since we do not have 
available experimental data that could show us the perform- 
ance of the detector element we have to choose this 
mecording to the literature. 

From Figure 5.1 [Ref. 10] the possible choices for the 
detector include photovoltaic or photocontactive Indium 
Antimonide and Lead Selenide. The detailed data sheets for 
Bmese detectors [Ref. 12:pp.365-368] Show the relative 
advantages and disadvantages of each. When they are compared 
on the basis of D*, photovoltaic Indium Antimonide is 
clearly the best detector. A possible difficulty with this 
conclusion arises when the responsSivitiesS are compared and 
it is noted that value of Lead Selenide is 10 times higher 
than it is for the other two types of detector. In an ideal 


operating environment, that is, in which there are no extra- 


meous sources of noise, the deSigner is interested in the 
Signal - to - noise ratio of the detector, as described by 
D* and not the signal level, as described by responsivity. 


In advance we know that during the experimental trials 
photovoltaic Indium Antimonide had the better performance. 
Therefore we are led to the decision to use one element of 
photovoltaic Indium Antimonide, and we can see the detailed 
data for this material in Figure 5.2 [Ref. 12:p.368]. 

This one element will be placed-:-in the middle of an 


assumed two mirror system as in Figure Deo 5. Waste 
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Figure 3.1 The D¥ of the Detectors in Each Atmes pe 
Window at the Most Common Operation Temperature 
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Indium Antimonide (InSb) 





7 
= 
Type: Photovoltaic. x 
Element From0.1 0.1 to 10x 10 mm. = 
Sizes Rectangular elements from = 
available: 0.1 mm wide. Circular elements 5 
with diameters from 0.1 to 10 mm.@ 
Time Less than | psec. & 
constant: = 
Dynamic 2-5 x 10* ohm. Q 
impedance: 
Responsivity: 2 10* VW7'- 
D* (peak) 
——— 6.2 
D* (50C K) i 2 3 4 5 66 








7 
= 
x 
= 
E 10"? 
a 
ag 
= 
r= 
10 '° : 
10 100 1000 10,000 0 60 120 180 240 300 
Frequency (Hz) Temperature (°K) 
Nols 
x 
{ 
~ Theoretical 
= = 300K 
: background 
a0 = 
© 
> 
© 
z Elemer.t 1x 1 mm 
Bandwiath 1 Hz 
On < 
10 100 1000 10.000 1014 105 10'¢ 1017 
be Frequency (Hz) Background photon flux (0-5. 44), 


photon cm~“sec 


Figure 5.2 Data Sheet for Photovo Fe) dadaaim 


lta 
Antimonide Detector [Ref. 12] 
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reflectivity 0.9 each mirror and total of twa 5a 
=0.9°0.9=0.81. The detector will be considered to be used 
with a two-mirror system designed so that the detector 
element will subtend area equal to the I.F.V. at a distance 
of PATH. Thus we have to determine the size of the sensitive 


element (detector). 






MIRRORS 

C 2 
B ie 
SLARCE 
RIGS) 

> DN Sie ae 
LLEMBIS 
Figunewo System of Two Mirrors in the Receiver 


We know that the area of the detector A is given by: 
Ay =e te 
where 
w=Instantaneous Field of View in (Sr) 
w= (SIDE*SIDE) / (PATH) 7=(2200*2200)/(PATH)? (Sr) 


50 


f=equivelant focal length 
and for PATH we have to use the values from Table 2 which is 
fometion Of the flight altitude. 

For the our purpose of work a very good and accurate 
approach to calculate the equivalent focal length of the 
system of two mirrors is the following. 

First we have to choose the diameter of the entrance 
aperture D,=l2cm. This dimension iS good enough to have an 
aerodynamic shape in the nose of the missile. Thus from the 
Figure 5.3 we have: 

(AB) ?7=(A0)*+(0B)*=72 and AB=8.4cm 
0) (AC) s+ Ceo)” 
oO Oia (©) --(A0) 7 - (48/2) -— 
=(@Oi«=6--(6-.49/2)°=1/7-9ecm- 
and CO=4.24cm 
We can define the distance CO as the equivalent focal length 
f=4.24cm 
And 
Ag=we f?=(2200)2°(4.24)?/ (PATH)? 

Substituting the values of PATH for each flight altitude 
gives A and _ the Square root of this gives us the side of 
the detector element. Table 4 demonstrates the dimensions of 
the detector element shows that with reasonable detector 
Size the I.F.V. at about 1125 meters slant path range will 
include the hot region of the ship regardless of the flight 
aatitude. 


B. SIGNAL VOLTAGE 


The general formula that Etves the signal voltage is: 
Vs = [AemeR/ (PATH) ?] *[ { Tytatd 
Where ~ 
A.oe:Area of entrance aperture 
Ao= TWD? /4=113.1cm? 


rr, :Optics reflectance 
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TABLE 4 


Dimensions of the Detector Element 


FLIGHT DIMENSION OF DETECTOR 
CIPABE IES PATH ISR 
(m) (m) Cem) 





are 219 


ray 
Sea 
a 
Tn [Saw | el 


R :responsivity=2°10* (V/W) 
Ixy: Spectral radiant intensity of the source 
Tt :Spectral atmospheric transmittance 
The above relation can be further simplified using 
instead of the spectral transmittance an average one as we 
aleueseneimen in Section C of Chapter III i.e. O47 130s 
Midlatitude summer and 0.4259 for Tropical atmosphere. 
Taking Tala) outside of the integral then the quantity 
I. da becomes simply the inband radiant intensity ofm@@ie 
eeteee which has been calculated in section D of chapter 
Iii. Hence the signal voltage formula becomes: 
Vs=Ag re ReG* 1,,/ (PATH) ? 
In order to determine the signal voltage due to all the 
available point sources inside the I.F.V. we use the Super- 
POsSa@clon prine pier 


Vs*[AsreReTa/ (PATH)? Jeli, + lager, +1, + 1 ame 


my 


eee NOISE VOLTAGE 


The noise voltage is due to two main factors, namely the 
background noise that is created from the background radiant 
intensity and the noise from the optical system. 

In Section E of Chapter III we determined the radiant 
intensity of the sea region that the detector observes and 
we named Iw (W/Sr). The noise voltage of this reason will 
be: 

Vua= Ae 1° ReT* Iw / (MK) ? 
where MK is determined in Figure 4.3 and indicates 
the average path between the observed sea surface 
and the detector. 

The noise Signal due to the optical system is given by: 
meer. 12]. 

Vwo=Re (Ag AE) /D* 
where 
D*:Detectivity with average value 9%°101! [cm(Hz)!%?/W] in 
the wavelength range »=4.435pm to Aec5.00pm 
Aa:Area of the detector as determined in previous section of 
the present chapter. 
R :Responsivity 
Af :equivalent noise bandwidth 
The equivalent noise bandwidth is given by 

r= /2ba 

where 
fmmeeiell time (time required for the image of the target to 
pass across the detector). 
and awe c/O 
where 
c:number of detector elements (1 for our case) 
Q:Time rate of search. 
and 

O=Q/Tr 


where 


2, 


O:size of Search) frelawine oe 
CG: frame time (time required to scan the entire search 
field). For our case we chose 1l10msec. 
Therefore 
Af=1/2U=Q0/2*wec=Q/2ewec Te 


DETECT 





Figure 5.4 Total Detector Search Field 


In Figure 5.4 you will find the geometrical representa- 
tion of the total search field which will have total length 
of 1000m and is scanned by the detector in =l1Omsec. 

The total solid angle that the search field subtends at 
the detector is: 

O= dQ 
dO=dx*SIDE/@? 
£2 = (PATH) ?2-x? 
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SO= is PDE ees iH ) ¢— = edx 
O=(SEDE Je dx) (PATH )*=x* 


Since (PATH)? >5002 always, from the tables we get: 


Q= (SIDE) /2(PATH)[1n((PATH+x)/(PATH-x))] 
= (SIDE) /2 (PATH) [1n((PATH+500)/ (PATH- 500) ) 
-1n((PATH-500)/(PATH+500) )] 
=((SIDE)/2(PATH))*1n[ (PATH+500)/ (PATH-500)]? 


ool DE) (PATH) )* In| (PATH+500) / (PATH-500) | 
Therefore 
Af=(1/2 (SIDE) *c*f,) *1n[ (PATH+500)/ (PATH- 500) ] 
The total noise voltage is 
Vn= Vugt Vito 
And the signal to noise ratio is: 
Vs/Vn=Vs/ (Vuet Vo) 


In figures 5.5 to 5.22 we can see the summary of the 
results of the above calculation for all the possible combi- 
nations of the relative parameters. 

In Appendix D we can see the influence of sky condition 
to S/N ratio for the two extremes flight altitude i.e. 50 
(m) - 100 (m) and for all the combinations between atmos- 


pheric profile and paint emissivity. 
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VI. RESULTS AND DISCUSSION 


A. SHIP BODY TEMEE RAR: 


‘Tables 5 to 18 of Appendix A show the effects of the 
ship internal temperature, atmospheric profile, ship body 
paint emissivity, sun elevation angle and sky condition on 
the ship body temperature. 

For both horizontal and vertical faces higher paint 
emissivity and ship internal temperature result in higher 
ship body temperature. Higher internal temperature corre- 
sponds to less ship body heat losses towards the internal 
compartments. Moreover higher paint emissivity (igen 
tivity for gray paint) corresponds in higher solar energy 
absorption and, for the 300K ship body temperature level, 
the dominant mechanism of heat transfer is that of convec- 
tion. Hence the increase of the paint emissivity does not 
correspond to a significant increase of the energy radiated 
by the ship body, and the net result is an increase of the 
ship body temperature. 

The sky condition appears to be significant as well. The 
more clear it is the more. solar energy there is incident on 
the ship, resulting in an increase of its body temperature. 

As far as the atmospheric profile is concerned, the 
Tropical Atmosphere results in higher body temperature than 
that of Midlatitude Summer since the ambient temperature is 
higher and the ship body heat losses towards the environment 
are less. 

The sun elevation angle above the horizon affects 
vertical and horizontal faces in different ways. We know 
that the incident solar energy at sea level is an increasing 


function of the elevation angle. For an horizcntal face the 


— 
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temperature appears to be an increasing function of the 
elevation angle, the sine of which is used for the calcula- 
tion of the incident angle effect. For vertical faces the 
cosine of the elevation angle is used and the temperature 
appears a maximum in the vicinity of 50°. The explanation is 
that, up to this value, the increasing effect of the solar 
energy dominates the decreasing one of the cosine function. 
After the pale of about 50° the first derivative of the 
solar energy function becomes small and the coSine behavior 
dominates so that the net result is a decreasing temperature 
mereceton from 50° to 90°. 

As we See in the ship tracked area geometric analysis is 
constituted from both vertical and horizontal faces, but the 
vertical ones have much larger projected surface areas. 
Therefore the radiant energy from the tracked area is due 
mainly to that of the vertical faces and as we will see from 
the S/N ratio results they appear maximum at a value of 


elevation angle close to 50°. 


Pee DETECTOR S/N RATIO 


~ 


Figures 5.5 to 5.22 show the effects of the sky condi- 
tion, sun elevation angle and missile flight altitude on the 
detector S/N ratio. 

In general we observe that the variation of the S/N 
ratio is similar to that of the ship body temperature. That 


means that the radiant energy from the ship body due to its 


temperature is the main thermal source for the detector. At 
Paes point , it is useful to discuss the influence of the 
stack exit plane thermal radiation. From our calculation we 


know that the radiant intensity of the CO in the stack exit 
plane has a magnitude of the order of 10* (W/cm?Sr) and that 
Seethe ship body of the order of 10° to 107. Moreover the 


Stack exit plane area is much smaller than the total tracked 
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area and the stack exit radiant flux 1s significantly 
smaller than this of the ship body tracked surface. 

Sky condition and the paint emissivity affect S/N ratio 
Similarly to the ship body temperature. The more clear is 
the sky and the higher is the paint emissivity the higher is 
the S/N ratio. 

The atmospheric profile affects S/N in a different way. 


While the Tropical Atmosphere gives higher ship body temper- 


ature, it results in lower S/N ratios comparing with the 
Midlatitude Summer. The explanation for that is that the 
increase of the ship body radiance, due to its temperature 


increase, is less than the background noise increase (higher 
Sea temperature). Moreover the atmospheric transmittance in 
the 5um window for the Tropical Atmosphere is about 10% less 
than this for Midlatitude Summer. 

The missile flight altitude appears to be important as a 
parameter. The higher it is the lower is the S/N ratio and 
this decrease is higher between 50 to 70 (m) than between 70 
to 100 (m). The explanation is that although higher missile 
flight altitude corresponds to lower background area (sea), 
the path between missile head and ship becomes larger and 
its Square appears in the denominator of the signal voltage 
formula. Therefore the net result is to give lower values of 
S)/ Neato - | 

The influence of the sun elevation angle above the 
horizon is Similar to that on the ship body temperature and 


it has been discussed earlier. 


C. RECOMMENDATIONS 


Based on the relative influence of each parameter which 


has been varied in our analysis we recommend: 


From the ship design point of view, lower internal 


temperature or, when it is not feasible, better wall 
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insulation, especially in the area where Significant heat 
generation exist. In addition to that, paint of low emis- 


Sivity and absortivity is desirable. 


From the missile point of view we recommend lower flight 
altitude. At this point we must notice that, lowering the 
flight altitude, we will reach a point where the background 
area (sea) will be very large, resulting in higher back-~- 
ground noise andthe coast or even the sun itself could 
constitute background noise for the detector. Therefore the 
flight altitude must be determined, in a certain design, 
accounting for all these conflicting parameters. Another 
solution could be the use of higher flight altitude, that 
assures us low background area, and to improve the detector 
optics design that will balance the loss of the signal 
voltage due to the greater path length. 
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APPENDIX A 
TABLES FOR SHIP BODY TEMPERATURE 
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TAB eee 7 
Data Used tor Month November 


CARD 1 
2 Midlatitude Summer 
2 Slant Path Between Two Altitudes 
0 Program Execution in Transmittance Mode 
Z Midlatitude Summer T and P Profile | 
ys Midlatitude Summer Water Vapor Profile 
2 Midlatitude Summer Ozone Profile 
0 Normal Operation of Program 
0 Normal Operation of Program 
0 Normal Operation of Program 
0 Normal Operation of Program 
CARD 2 
5 Nave elicit ime se xtinetlon 
Z Balls- Winter — 
0 No Stratospheric Background 
2) Medium Continental Influence 
0 Nowe irs 
0 Not Used. 
10 =: Meteorological Range (Km) 
2.09: Current Wind Speed(m/s 
2 Os) hours Bye Ta Wind Speed (m/s) 
O : Rain Rate (mm/h) 
CARD 3 
From Section G of Chapetr II : Initial Altitude 
Form Table 22 : Final Altitude 
-- : Not Necessary to Define 
From Table 22 : Path Length 


-- : Not Necessary to Define 
-- : Not Necessary to Define 
QO : Normal Operation 


2255 : Initial Frequency 
2000 : Final Frequency 
LO Frequency Increment 


Ihde, 


COLh O 


hOLH’O 


Oak 16 
EOLhH 0 


COLH 0 


TOLh 0 


669h 0 


869h 0 


oe 


OOT 0 


éCLH’ O 


TO yeni 


i Oe 


auran o 


CU Eee) 


OE tO 


66394 0 


eGo i 1G 


(uy) 


0o0 OF 


hOLh O = 


evr 0 


OO ia 0 


SG 0 


(uM ) 


080° 0 


eee 1 


Co 


W200 


oy) 


eo} 0 ea alt 


O02 0 


YLVUC,). SU} JO asBeUdAY [PIO] 


60Lh 0 


biel 10 


Pea 


Dee 0 


see jo 18 


80 ca. 0 


SU ire) 


Set 18 


a) 


G00 


TaquaAON YAUOPW TOF saouv_AqAtwusueryl sdersay 


8c ATAVL 


apnaitditV 


Jed adedaay 


CD) SeCcume 
Co) Leta 
Ce sta’ 
(WA) 9TO0°0 
CH). 6 LO 
CHOU) LAO 
CUD) a ee 
adALILIV 
IVILINI 
ACALILIV 
IWNId 


120 


WabLe 29 
Data Used for Month December 


CARD l 


Midlatitude Summer 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midlatitude Summer T and P Profile __.: 
Midlatitude Summer Water Vapor _ Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


OOOOMMMONhSfhs 


CARD 2 


Navy Maritime Extinction 
Fall - Winter | 
No aie ese LC Background 
Medium Continental Influence 
Ne Cirrus 
Not Used. 
; Meteorological Range 
.05: Current Wind Speed. 
.05: 24 hours Agena Wind Speed (m/s) 
O : Rain Rate (mm/h) 
CARD 3 


DOOMOML) 


NOMor 


From Section G of Chapter II : Initial Altitude 
From Table 22 : Final Altitude 
-- : Not Necessary to Define 
From Table 22 : Path Length 
-- : Not Necessary to Define 
-- : Not Necessary to Define 
O : Normal Operation 


2250 Initial Frequency 
2000 : Final Frequency 
LO Frequency Increment 


algal 


Coe Ts 10 


hOLh'O 


TOE te 10 
EL h ao 


CU Ln 


TOLh ge 


669h' O 


eienclum 0 


aes) 


OOT'O 


ZOLh' 0 


hOLH' O 


hOLH' O 


UL 0) 


Coe 0 


LO irae 


663h° 0 


869h 0 


Cu) 


ve0 


hOLH'O = YUOP 94 JO asdeuUaaAy TRIO] 


EQLhH'O 


OA 


080°0 


een 0 


Oa 


SOL hE G 


TOL te 0 


S00 Rahs 10 


COL He 0 


0OO0Lh'O 


S663hg 


CED) 


O20 a0 


eUeln  (0 


SO 0 


80h 0 


eu tt 0 


eO0Lh 0 


SOR eg 8 


SOF ar ae @) 


Cone © 


eo 


090°0 


Oe) 


en 10 


LOVE 0 


OTLh' 0 


60Lt°0 


80Lh' 0 


SU 10 


GOLh'O 


Cut ) 


0S0°0 


Laqusvdeq YAUOW TOF saoueqqtusuvayl svdeIZAY 


Oc WIAVIL 


Spnita1y 


Jed adeuaay 


Copan 510) UC 
oe Ge 
CA See 
ae os! Cl) 0 
Cine 
CH)” rae 
ae 
AGNLILTV 
IWILINI 
AGALILTV 
IWNId 


LZ 


TArickes | 
Data Used for Month January 


CAkD al 


Midlatitude Summer 
Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midlatitude Summer T and P Profile | 
Midlatitude Summer Water Vapor Profile 
Midlatitude Summer Ozone Profile 
Normal Operation of Program 
Normal Operation of Program 

; Normal Operation of Program 

;: Normal Operation of Program 


CARD 2 


OOOOMMNMONhfe 


Navy Marzerime Extinction 
Malie-=Wincer . 
No See esener TC Background 
Medium Continental Influence 
NOVeLrrus 
NoEsvseda. - 
; Meteorological Range 
O06: Current Wind Speed_ 
06: 24 hours eae Wind Speed (m/s) 
: Rain Rate (mm/h) 


WMOONOPMLo 


IL 
2. 
A. 
0 
CARD 3 


DEOVmeocceroteGeote@naptem LL: Initial Altitude 
From Table 22 : Final Altitude 
-- : Not Necessary to Define 
From Table 22 > Path Length 
-- : Not Necessary to Define 
-- : Not Necessary to Define 

O : Normal Operation 


CARD 4 


2255 : Initial Frequency 
2000 : Final Frequency 
110, Frequency Increment 


We 


hOLhH'O = YUOW 24 JO odPUaAY [PIO] 


ZOLH*O ZOLh*O EOLH'O side csi 60Lh'0 isa Soe 
hOLH'O hOLH‘O | socwo | souwo | gouno cea (WI) Tz29°0 
E0Lh*0 EOLH‘O re ee ee | OTLh'O (Wy) gto'O 
LOLh'0 TOLH‘O a SOLh‘0 B0LH'9 (UI) ZTO'O 
869h'0 8694'0 | sano | seano ” Z0Lh* 0 SOLh‘O (UI) hO0'0 


Soe) Cu ) (uy ) (wy) ce) 1) 





OOT'O 060° 0 080 °9 e0 ORR Ome CSU 





SdNLI LIV 


IWNId 
Azenuer yAuoW A0F saouej_QrTusuery sdeTIAV 


ce TIdVIL 


124 


CARD 1 


OOOOMMMOP/Sp’ 


CARD 2 


MmOONOMW 


il : 
2.22 
Dine 


0 
CARD 3 


Bromeseccion G of Chapter 11 
FRomeulable 22 l 


From Table DD 


ji \Jayloyey 3)6) 


Daa Uced boltwmontn February 


Midlatiitude Summer . 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midilarictude Summer T and PB Profile 
Midlatitude Summer Water Vapor Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


Navy Moarmitame. EXtinct Lon 


Fall - Winter | 

No Stratospheric Background 
Medium Continental Influence 
No elErius 

Not Used. 

Meteorological Range (Km) 


Current Wind Speed (m/s 
24 hours eRe Wind Speed (m/s) 
Rain Rate (mm/fA) 


>; Initial Altitude 
Final Altitude 
Not Necessary to Define 

: Path Length 
Not Necessary to Define 
Not Necessary to Define 
Normal Operation 


Initial Frequency 
Final Frequency 
Frequency Increment 


WAS, 


80Lh° 0 


Hy Fe. 


Oe i o 


Ort U 


80Lh° 0 


PORE 


SOLh O 


Oto 0 


Oey 


UOTa8 


re 0 


Ona 0 


OL ttl) 


SUN 0 


Soy o 


Coa 18 


SO fae 0 


hOLhH 0 


OSL) 


060° 0 


OTLh’'O = YRUOW 9UR JO adeUaAY TRIO] 


80Lh° 0 60Lh'0 6 Mba 1d, 
Oe 0, Cian oC Tt o 
OL ETO og By 0) htLh QO 


ae 
Oa ines 


Lea 


Sve atieet) 


| soun0 OTLh 0 eat 30 


( Why ) (Wy ) (UDI) (uy ) 


Sore) 


Ta 0) 


Cu ov 


pie ia 


080° 0 Ore 090° 0 0S0°0 


Azeniqeag yyuoW Toy svouejRtusuesry aBePLIIAV 


HE ATVL 


PPNIATILTV 
Jad aseuaay 


(UN) 220°0 
(ut) T20°O 
(UN) 8T0°0 


HL) aes E10! 10) 


(UN) TO 9 


CUM) L00°0 


(Uy) hOO'O 


AGNnLiIL ly 
‘IVILINI 


JONLILTV 
IVNIA 


lt 26 


CARD 1 


OOOOMNMNMON fh 


CARD 2 


WMmOOMOPMwW 


NMR 


al 
al 
0 
CARD 3 


3: 
3: 


From Section G of Cha 
From Table 22 


— — 


Poem GaSe 22 


TABLE S> 
Data Used for Month March 


Midlatitude Summer 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midlatitude Summer T and P Profile _ =: 
Midlatitude Summer Water Vapor Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


Navy Maritime Extinction 

Fall - Winter | 

No Stratospheric Background 

Medium Continental Influence 

New Ol igcus 

Not Used. 

Meteorological Range ay 

Current Wind Speed (m/s) 
hours EECA Wind Speed (m/s) 

Rain Rate (mm/h) 


é ceoa@eliws Initial Altitude 
Final Altitude 
Not Necessary to Define 
; Path Length 
Nemo Ceccaty ste De mine 
Not Necessary to Define 
Normal Operation 


Initial Frequency 
Final Frequency 
Frequency Increment 


27 


Seon 0 


GL Law 


oan G ghee 6 


Ol ia 0 


Setyew) 


HtLh’ O 


CUE 0 


US ear, 91, 


Ce) 


OOT* 0 


Bien 0 


Belek ty 


abon 0 ibe 10) LtLh’O Bilt wy 
5) yaa Sew 0 ea ELL aay 


Geen 0 LULh'O 8TLh’ 0 lhe 0 


ETLh'O = ULUOW SY JO adeaaay TeIOL 


SiO JEL 0 Cte @ 
aL G Wena Gare ae 


BG es 


EcLH OV 


Gilat ( 


cLhH'O 


Col ties 


htLt 0 p nteno Sistas 0 SL Gta O2Lh 0 


GM yogis @ erin EtLH'O 
ee 0 eeu 12 Che iw Sean ae 


Cu ) 


060°0 


+ ‘ 
r 
C-- 
=f 
= 


Ck) Cut ) Ug 


080 °0 OL0°O 090 °0 


yoIeW YRUOPW AOF saoueRqQtwsuel]l sde1sAy 


9€ SIV 


alee 


Ceti 


ce} 


0S0°0 


SePNATITV 
Jad aseiraay 


(YUN) c20 0 
(U4) Tc20°0 
(WH) st0°0 


Cu) S00 


(uy) cTtO°O 
(UX) L400°0 


(Uy)  h00°O 


ACNLILTV 
IVILINI 


AGNLILIV 
‘IVNId 


i230 


TABLE 3/7 
Data Used for Month April 


CARD 1 
MODEL 2 Midlatitude_ Summer 
mY PE 2 Slant Path Between Two Altitudes 
LEMSCT QO Program Execution in Transmittance Mode 
vel 2 Midlatitude Summer T and P Profile | 
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WSS : 2.12: Current Wind Speed (m/s) 
WHH @ 2212 22 hours ene Wind Speed (m/s) 
RAINRT ;: OO : Rain Rate (mm/h) 
CARD 3 
H1 ; From Section G of Chapter II : Initial Altitude 
H2 -:; From Table 22 : Final Altitude 
ANGLE >: -- : Not Necessary to Define 
RANGE Zee cOnmadbwe 22° > Pabrh Ceneen 
BETA ee Ou mNecessd mye Om le mine 
RO ; --  : Not Necessary to Define 
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